Invasive pulmonary aspergillosis was identified in 19 horses. In 16 cases mycotic lesions were associated with enterocolitis; 14 cases appeared to result from Salmonella infection. Pulmonary lesions included multifocal areas of acute necrosis, leukocytoclastic vasculitis, and thrombosis with fibrinosuppurative inflammation surrounding mycelial masses. Thromboemboli with fungi were in the brain and kidneys of three cases. Factors which appeared to predispose to pulmonary aspergillosis included corticosteroid therapy, disseminated neoplasms, hepatitis, pleuritis, and peritonitis. This study suggests that immunocompromise and invasion of Aspergillus sp. from damaged intestine are more important in causing equine pulmonary aspergillosis than inhalation of spores.
Aspergillus sp. are prevalent worldwide. Their spores are frequently present in the biosphere and are therefore presumably part of the spectrum of routinely inhaled particles. In birds and reptiles, the usual levels of exposure under conditions of captivity often lead to pulmonary aspergillosis. Mammals are generally more resistant to development of pulmonary disease following exposure, and most humans with pulmonary aspergillosis are either immunocompromised or subjected to overwhelming exposures to spores.8Jo Studies of equine pulmonary aspergillosis are rare, and of the few described cases, exposure to overwhelming numbers of spores from moldy feeds is commonly presumed to be the cause of the d i s e a~e .~.~J ] J~ Recently, cases of invasive pulmonary aspergillosis have been described in rabbits and humans in which there was no evidence of massive exposures to fungal spores or of immunocompromise. 4~6 Five separate conditions associated with human pulmonary aspergillosis are recognized: saprophytic bronchopulmonary aspergillosis, aspergilloma, extrinsic allergic alveolitis, allergic bronchopulmonary aspergillosis, and invasive bronchopulmonary aspergillosis.'O With the exception of possible cases of extrinsic allergic alveolitis of cattle, reports of pulmonary aspergillosis in animals involve the invasive form of the disease. At Michigan State University Animal Health Diagnostic Laboratory, three horses were noted to have similar clinical histories prior to developing fatal invasive pulmonary aspergillosis. A review of case records from two additional veterinary institutions (Cornell University, Ithaca, NY and University of Melbourne, Wembee, Australia) revealed similar disease states leading to the development of invasive pulmonary aspergillosis. This report is to describe the pathologic features of this disease in horses and to describe clinical conditions which apparently predispose to the development of invasive pulmonary aspergillosis in horses. 
Materials and Methods
Case records were reviewed from the three veterinary institutions from May 1977 through March 1986. Cases were included in the study if the original diagnosis of pulmonary aspergillosis could be confirmed by the characteristic histopathologic appearance of Aspergillus sp. in pulmonary sections, i.e., broad, septate hyphae with acute branching patterns, parallel sides, and a propensity for vascular invasion (Fig. 1) . These features were usually discernible on hematoxylin and eosin (HE) stains, but silver stains were routinely used to better illustrate fungal morphology. In some cases, the original diagnosis was based on isolation of Aspergillus sp. in addition to characteristic pulmonary lesions. All horses were housed within the university veterinary hospitals.
Results
Nineteen cases of invasive pulmonary aspergIIosis were documented, based on necropsy examination of 7,020 horses (3,101 Cornell, 3,090 Michigan, 829 Melbourne) ( Table 1) . Severe diarrhea preceded development of respiratory disease in 14 of the 19 horses, and in the remaining five horses, two had disseminated malignant neoplasms, one had severe peritonitis secondary to urolithiasis, and two had received intensive corticosteroid treatment. There appeared no predilection for aspergillosis based on age, gender, or breed. The duration between the onset of the initial illness and clinical signs related to severe respiratory disease (presumably due to aspergillosis) was 11.5 k 3.3 days (X t SEM). This indicates that most cases of equine pulmonary aspergillosis occur a few days subsequent to development of severe enteric disease (Fig. 2) .
Seven of the 19 cases diagnosed histologically were confirmed by culture, of which two were identified as A. fumigatus in pure culture ( Table 2) .
Lesions of invasive pulmonary aspergillosis were similar to those described for other mammalian species. Eighteen horses had foci (1-15 mm in diameter) of acute necrohemorrhagic to suppurative alveolitis. Hyphal elements were not always arranged in "sunbursts" (Fig. l) , but were often scattered randomly along the periphery of necrotic foci. Architectural arrangement of foci consisted of central areas of necrosis surrounded by zones of cellular infiltration, hemorrhage, and edema. The cellular infiltrates were neutrophilic, with neutrophils adjacent to fungal hyphae in various stages of degeneration and lysis. Hyphal elements frequently extended beyond these inflammatory zones into adjacent lung parenchyma. Hyphae had often invaded blood vessels, with resultant leukocytoclastic vasculitis and vascular thrombosis (Figs. 3, 4) . In one horse, lesions were of a more chronic nature, with fungal elements present within numerous irregular necrogranulomata (Fig. 5) .
Discussion
There is a striking association between development of invasive equine pulmonary aspergillosis with previous acute enterocolitis. There are several possible mechanisms that may explain such an association. There may be a synergistic relationship between pathogenic Salmonella spp. that infect horses and Aspergillus spp. However, a direct relationship is unlikely to exist, because many cases of salmonellosis do not lead to mycotic pneumonia in horses or in other mammalian species. Furthermore, although Salmonella spp. commonly cause acute enterocolitis in horses, in this study, other bacterial species were also commonly isolated and may have contributed to the severity of intestinal lesions. It seems more likely that acute enterocolitis predisposes to pulmonary aspergillosis by facilitating mycotic invasion from the gut, and subsequently, development of embolic mycotic lung disease. Such a view is supported by the finding that three of 19 horses had mycotic emboli in organs other than lungs, although it could be argued that these developed subsequent to establishment of pulmonary lesions from inhaled spores. Aspergillus spp. can be routinely cultured from the ingesta of intestinal tracts of normal horses, and could spread systemically from that route, as has been shown in experimentally inoculated rabbits.'* Acute enterocolitis may be an important predisposing factor for development of invasive pulmonary aspergillosis because of immunocompromise and tissue devitalization that occurs in these horses as they develop shock and leukopenia associated with fulminant diarrhea. Bacterial septicemia and pulmonary thromboembolism may also be part of this process. Most horses in this review had bacteria isolated from more than one organ, most had received antibiotics, and several had also received corticosteroids. Antimicrobial therapy, corticosteroid therapy, systemic diseases, malignant neoplasms, and use of immunosuppressive drugs in humans are known to predispose to pulmonary aspergillosis, but no specific association with enterocolitis has been recognized. However, extrapulmonary involvement is also common in human patients developing invasive aspergillosis.
Increased awareness of invasive pulmonary aspergillosis as a potential sequel to acute enterocolitis in horses is unlikely to have impact on management of such cases, because antemortem diagnosis remains difficult. Serologic tests for antibodies against Aspergillus sp. are often positive in normal individuals and may be negative in cases of pulmonary aspergillosis, especially in immunocompromised p a t i e n t~.~,~J~ Seroconversion in rabbits was dependent on reaching a critical dose of antigens in the lungs but was not necessarily associated with pulmonary disease. l 2 Intestinal aspergillosis failed to result in seroconversions.12 In cases of invasive aspergillosis, detection of antigens in serum is diagnostic, but false negatives do occur, presumably because of immune complexing of antigens with circulating antibodie~.'~ Routine culture and cytologic examination of pulmonary lavage fluids is also not diagnostically useful, since Aspergillus spores may be recovered in lavages from normal lungs. I However, increased amounts of oxalates may be present in lavages from infected patients, as oxalate is produced as a by-product of fungal metabolism. Although of diagnostic value in human medicine,2 oxalate values in pulmonary lavage fluids of herbivores are yet to be determined.
Therapy for invasive pulmonary aspergillosis includes antifungal agents and replenishment of granulocytes in neutropenic patients. Neither of these approaches has dramatically altered the high mortality in human cases of invasive pulmonary aspergillosis. l o In view of life-threatening illnesses which appear to predispose to invasive pulmonary aspergillosis in horses and the refractory nature of pulmonary aspergillosis to treatment, improved premortem diagnosis is unlikely to alter the outcome of the disease as we describe it in horses.
